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20.  ABSTRACT  (Continued) 


Additional  experiments  were  conducted  in  coordination  with  the  SRI/DNA  inco- 
herent scatter  radar  operation. 

Multispectral  data  on  the  auroral  emission  intensities  at  U278A  and  6300A 
and  the  intensity  ratio  was  analysed  in  terms  of  the  mean  energy  parameter  for 
an  assumed  Maxwellian  flux  of  precipitating  electrons.  Comparison  between 
photometric  determination  of  the  mean  energy  parameter  and  that  derived  from 
incoherent  scatter  radar  data  provided  a useful  cross  calibration  of  the  two 
measurement  techniques.  This  agreement  also  tends  to  confirm  the  theoretical 
predictions  for  the  intensity  ratio  Rg^  1( 6300^1 ( 1+278)  as  a function  of  the 
mean  energy  parameter. 

f-  fc>4 

Additional  analytical  work  was  conducted  to  improve  the  three  beam  analysis 
code  which  allows  inference  of  auroral  E-fields  and  associated  quantities  from 
the  auroral  motion  and  intensity  data.  Results  of  the  improved  code  are  pre- 
sented for  the  WIDEBAND  rocket  support  experiment. 


PREFACE 


This  is  the  final  technical  report  on  Contract  DM  OOI-76-C-OI82 
covering  the  period  15  December  1975  to  l8  February  1977.  The  purpose  of 
the  research  program  reported  herein  was  to  determine  the  properties  of  the 
neutral  and  ionized  consitituents  in  the  auroral  region  by  application  of 
advanced  optical  sensing  techniques  in  support  of  the  DNA  High  Altitude 
Effects  Simulation  (HAES)  experiments  at  Poker  Flat,  Alaska. 

The  experimental  and  analytical  efforts  were  conducted  at  the 
Lockheed  Palo  Alto  Research  Laboratory  and  at  the  LMSC  optical  field  site 
at  Chatanika  Alaska.  The  principal  investigator  on  this  program  was 
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1. 


INTRODUCTION 


The  DNA/LMSC  ionospheric  irregularities  program  is  a continuing  effort 
to  apply  advanced  optical  remote  sensing  techniques  to  support  the  DNA/HAES 
(High  Altitude  Effects  Simulation)  program.  These  techniques  and  the  instru- 
mentation used  were  developed  under  the  nuclear  test  readiness  program  and 
have  been  refined  and  improved  during  ground  based  experiments  supporting  the 
HAES  program  rocket  launches  at  Poker  Flat,  Alaska  during  the  period  of  1972 
through  1976.  Optical  ground  based  support  has  been  provided  to  the  ICE  CAP 
program  (1972-1976),  EXCEDE  (1975-1976),  COMMOCAP  (197*0,  and  WIDEBAND  (1976) 


experimental  programs  over  this  period.  Results  of  ground  based  optical 
measurements  made  in  years  preceding  the  current  contract  are  described  in 
references  1 through  10. 


The  ionospheric  irregularities  program  seeks  to  define  certain  spatial 
and  temporal  variations  (irregularities)  in  the  properties  of  the  upper 
atmosphere  by  means  of  sensing  the  spatial  and  temporal  structure  in  visible 
and  near  infrared  spectral  emission  features  generated  in  the  region  of 
interest.  The  atmospheric  variables  which  are  measured  and  those  which  may 
be  inferred  from  the  measurements  are  summarized  in  Table  1.  These  measure- 
ments and  the  related  analyses  are  described  in  detail  in  the  references. 

Two  specific  types  of  photometric  instruments  have  been  developed  for  this 
program:a  multispectral  (5  color)  photometer  which  measures  the  spectral 
intensity  of  atmospheric  emissions  in  three  separate  spectral  regions  through 
a single  field  if  view;  and  a multibeam  (5  beam)  photometer  which  measures 
a single  spectral  emission  intensity  in  three  closely  spaced  fields  of  view. 
References  1 and  : contain  a complete  description  of  this  instrumentation. 

In  general,  the  multispectral  photometer  is  used  tc  determine  the  temporal 
fluctuations  of  spectral  emissi  ns  over  a wide  spatial  region,  for  example, 
ver  a raeridi >nal  scan,  whereas  the  5 beam  phot  -meters  detect  the  short  term 
temporal  fluctuations  and  medium  scale  spatial  variati  ns  (lO's  of  km).  The 
instrumentati ,-n  is  perated  at  the  LM3C  plica l research  site  at  Chatanika 
which  is  c -located  with  the  DNA/SRI  inc  dierent  scatter  radar.  Tv.  types  of 
•bservationn  have  been  made.  During  peri  ds  f n aur  -rns. , the  5 c i r 
ph  >t  meter  may  be  used  to  verify  the  absence  f our  ral  precipitati  n t. 
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support  EXCEDE  and  other  rocket  experiments  which  require  a minimum  level  of 
auroral  activity.  Also  during  quiet  times,  the  three  beam  measurements  of 
emission  intensity  from  the  OH,  Na,  and  01  species  may  be  used  to  infer 
neutral  winds  and  detect  wavelike  motions  in  the  relevant  emitting  regions. 
During  periods  of  active  auroras  the  three  color  photometer  is  used  in  a 
meridional  scan  mode  to  determine  the  latitude  distribution  of  auroral  electron 
and  proton  precipitation  intensity,  the  total  energy  deposited  in  the 
atmosphere  by  these  species,  and  the  mean  energy  parameter  of  the  precipitating 
electrons.  The  three  beam  photometers  are  generally  operated  in  the  01 
emission  wavelengths  of  5577A  and  63OOA  in  order  to  provide  data  on  E region 
auroral  motions  (from  which  E-fields  are  derived)  and  the  F-region  irregu- 
larity structure  which  may  be  related  both  to  inhomogenieties  in  the  pre- 
cipitation source  and  the  generation  of  ionized  irregularities  by  plasma 
processes . 

The  ionospheric  irregularity  program  has  been  geared  to  provide  data 
from  which  two  basic  types  of  information  can  be  derived:  the  physical 

processes  which  create  irregularities  in  both  the  ionized  and  neutral  media 
which  then  exhibited  as  structure  in  visible  and/or  infrared  emission;  and 
quantities  which  can  be  measured  in  the  visible  and/or  near  infrared  which 
can  be  directly  scaled  from  the  natural  atmosphere  to  the  nuclear  disturbed 
atmosphere.  In  either  case,  the  data  base  for  constructing  and  verifying 
predictive  codes  for  nuclear  burst  disruption  to  various  systems  is  expanded 
by  such  measurements. 

This  report  presents  the  results  of  the  ground  based  optical  support 
experiments  during  1976.  Photometric  measurements  were  made  in  support  of  the 
EXCEDE  rocket  experiment  in  February  and  in  support  of  the  WIDEBAND  co  rdinated 
satellite  and  rocket  experiments  during  November.  The  ground  based  experiments 
and  their  specific  relationship  to  HAES  program  objectives  are  summarized  in 
section  . Unfortunately  because  of  weather  and  other  problems,  the  ICE  CAP 
series  of  rocket  launches  scheduled  for  February  197w  were  postponed 
indefinitely.  In  addition  to  the  specific  r cket  support  observations  made, 
a series  of  experiments  related  to  expanding  the  capabilities  of  the  multi- 
spectral  and  multibeam  photometer  observations  was  undertaken. 


In  addition  to  the  experiments  conducted  at  Chatanika  during  1976  the 
analytical  routines  utilized  to  derive  the  wavelike  properties  of  upper 
atmospheric  motions  and  related  quantities  (see  table  l)  were  improved  sig- 
nificantly. These  results  are  summarized  in  section  j.  Section  4 contains  a 
c mparison  >f  the  SRI  Untangle  Code  results  with  the  optical  determination  of 
the  mean  energy  parameter.  We  have  shown,  in  collaboration  with  SRI,  that 
both  the  total  energy  deposit  and  mean  energy  parameter  derived  by  radar 
techniques  and  by  optical  techniques  are  self  consistent  and  agree  with  theo- 
retical predictions.  These  results  have  important  implications  with  respect 
to  utilization  of  optical  techniques  for  determining  effects  of  high  altitude 
bursts  up  n the  atmosphere,  and  the  consequent  systems  effects,  especially  in 
the  beta  and  debris  deposition  regions.  Section  5 contains  the  results  per- 
taining t < the  EXCEDE  experiment  and  section  6 presents  the  preliminary 
result:  of  our  WIDEBAND  support  experiments.  The  summary  and  conclusions, 
secti-n  7,  contains  an  up-to-date  assessment  of  the  future  utility  of  the 
ground  based  support  optical  experiments  with  respect  to  HAES  program 
requirements . 


TABLE  1 


IONOSPHERIC  IRREGULARITIES:  PHOTOMETRICALLY  MEASURED, 

AND  INFERRED  QUANTITIES 


MEASURED  QUANTITIES 

A)  Photometric  intensities  vs.  time  in  same  field  of  view 

1)  L278A  Nr  E-region 

2)  486  LA  tf- 

3)  5577A  o( Is) 

4)  63OOA  9(lD)  E & F region 

B)  Photometric  Intensities  vs.  time  in  three  closely  spaced  fields  of  view 

1)  4278a  N+  E-region 

2)  557 1 A 02(1S) 

5)  5890A  Na 

4)  6}00A  0(1D)  E & F region 

5)  7700-8100A,  OH  D-region 

DERIVED  QUANTITIES 

C)  Energy  Deposit  by  precipitating  particles  (total),  from  A1 

D)  Flux  of  precipitating  protons  , " A2 

E)  Photometric  intensity  Ratios  , " A4,A1 

F)  Auto  and  cross  spectra  and  related  statistical  " B 

quantities  , 

G)  Horizontal  phase  velocity  of  motions  of  emission  " F 

irregularities  , 


INFERRED  QUANTITIES 

H)  Mean  energy  parameter  of  precipitating  electrons  , " E 

i)  Oxygen  excitation  and  quenching  chemistry  kinetics,  " A5,A4,E,F 

j)  Spatial  structure  of  optical  irregularities  , " F 

K)  Auroral  electric  fields  , " G,(B1,B  ) 

L)  Pederson  and  Hall  conductivities  , " C,D,E 

M)  J 'Ule  heating  in  auroral  regions  , " C,E,K 

N)  Neutral  winds  and  wavelike  motions  , " F,G 

O)  Fr-  quency  spectra  of  aur  oral  E fields  , " G 

P)  Large  scale  F-regi  )n  structure  , " A4 


2. 


SUMMARY  OF  THE  1976  IONOSPHERIC  IRREGULARITIES  EXPERIMENTAL  PROGRAM 


2 . 1 Introduction 

Experimental  operations  of  tne  photometric  apparatus  were  conducted 
during  two  periods  in  1976 ■ During  the  February  1C  t:  March  1 interval, 
observations  were  divided  intc  tw  groups;  those  intended  as  exploratory 
measurements  to  extent  the  utility  of  the  photometric  techniques,  and  those 
riented  to  direct  support  of  EXCEDE  and  ICECAP  r cket  launches.  The  secono 
period  _f  operation,  from  1A  t:  £8  November  supplied  direct  optical  support 
to  the  WIDEBAND  coordinated  satellite  and  rocket  experiments.  The  individual 
experiments  which  were  conducted  and  their  relationship  to  HAES  program  goals 
is  summarized  in  the  following  sections.  Table  2 digests  the  number  of  hours 
of  data  obtained  with  respect  to  each  individual  experiment. 

It  should  be  pointed  out  that  the  operational  philosophy  on  the 
Ionospheric  Irregularities  program  has  been  to  obtain  as  much  data  relating 
to  the  specific  experimental  and  analytical  goals  as  is  reasonably  possible. 
Hence,  photometric  observations  arc-  n rmally  made  regardless  f the  rocket 
launch  conditions  as  long  as  bserving  conditions  permit.  The  experimental 
schedule  is  adjusted  depending  up  n the  r cket  experiments  which  are  counting 
down,  and  is  also  coordinated  insofar  as  is  practicable  with  the  operation  :f 
the  Chatanika  incoherent  scatter  radar.  The  results  of  all  of  the  following 
experiments  are  not  discussed  herein  because  limited  financial  sources  did 
not  allow  adequate  sampling  and  analysis  f the  large  volume  of  data  obtained, 
over  150  hours  in  197 6 alone. 

Exploratory  Experiments:  1,  t 19  February  1976. 

Experiment  1:  E-field  scans 

This  experiment  was  undertaken  t > determine  whether  auroral  motions 
couLd  be  monitored  at  large  off  zenith  angles  sucb  that  E-fields  could  be 
inferred  >ver  a range  of  latitudes.  We  operated  the  5-B-l  photometer  at 
55771  on  the  scan  head  which  was  set  to  operate  on  50  degree  angle  increments 
at  zenith,  'jO  ‘ N and  60°  N zenith  angles  in  the  magnetic  meridian.  Fh  t t<  r 
5-B-  was  perated  also  on  5577A  but  at  zenith.  One  additl  nal  g al  f the 
experiment  was  t determine  whether  50  second  data  peri- us  c uLd  be  used  t. 
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infer  E-fields  instead  of  the  $0 O second  periods  previously  used  f .r  this  part  _f 
the  experiment,  the  5-B-l  scan  dwell  time  was  set  at  50  seconds  for  each 
angle.  Thirty  second  intervals  taken  at  zenith  will  allow  comparison  directly 
between  3B1  and  3B2  results.  We  conducted  this  experiment  in  h^pes  of 
obtaining  corroborative  data  from  satellites  S 5-2  and  Triad. 

Experiment  2:  E-field  at  zenith. 

The  data  from  3B2  in  experiment  No.  1 will  be  used  to  infer  E-field 
structure  and  temporal  variations  for  comparison  with  Chatanika  radar  and 
satellite  results. 

2.5  EXCEDE,  ICECAP,  and  WIDEBAND  Rocket  Support  20  February  to  7 March  1, 
and  13  t ? 28  November  1976. 


Photometer  Configuration:  Wavelengths  as  Before: 
5 Color : Scan  head 


5-B-:  : 


Zenith 

Zenith 


Experiment  3:  AIW/AGW  studies 

Here,  we  hoped  to  measure  wave-like  events  in  the  auroral  precipitation 
a.  ibserved  by  photometer  5B;_  and  in  the  Na  Layer  as  observed  at  589OA  >n 
phot  meter  5B1.  Previous  data  indicates  that  a dispersive  type  of  auroral 
m ti  n spectrum  is  observed  both  in  the  auroral  E-regi  n and  in  the  Na  layer 
when  AIW’s  are  generated.  We  wiLl  coordinate  these  measurements  with  Wilson's 
p?  und  based  detection  f aur  ml  AIW’s.  Energy  deposit  by  precipitating 
particles  in  the  auroral  E-region  is  monitored  with  the  5C  scanning  photometer 
and  by  the  photometer  5B:  for  Joule  heating  input.  Large  enhancements  in 

n< r y inpul  such  as  on  10  March  1975  may  create  large  AGW's  which  may 

- ■ Lf<  st  themselves  as  TID's  at  large  distance.-  from  the  aur  ral  regi  r. . 

These  wave  like  motions  may  ■ xcite  IR-active  species  at  Large  distances  fr  om 
the  -:ur  -ral.  region. 


*AIW:  nur  ral  infrar,  nic  wave 

AGW:  ac  ustic  gravity  wave 

tTID:  travelling  L n . pheric  disturbance 


Exper iment  4 : 


D and  E-region  winds 


During  quiet  periods,  the  three  beam  photometers  will  be  operated  on  Na 
and  OH  wavelengths  such  that  the  winds  and/or  wave-like  motions  in  the  OH 
(85  km)  and  Na  (95  km)  regions  can  he  monitored.  These  data  will  add  to  those 
obtained  in  1975-  Transport  of  excited  IR-active  species  is  important  to  the 
understanding  of  the  spatial  structure  of  IR  emission. 

Experiment  5 : E and  F-region  winds 

Simultaneous  operation  of  the  5 beam  photometers  on  the  5577A  and 
63OO  A emissions  of  01  will  allow  inference  of  the  winds  and  wave-like 
irregularities  in  the  E and  F-region  in  quiet  periods,  and  of  the  E-region 
auroral  motions  and  their  effects  upon  the  F-region  irregularity  structure 
and  winds  during  active  periods.  We  hope  to  be  able  to  monitor  F-region  winds 
even  during  the  presence  of  auroral  disturbances . For  WIDEBAND  support,  the 
5 color  photometer  is  operated  in  a meridional  scan  mode  to  provide  precipi- 
tating particle  total  and  characteristic  energy  values  vs.  latitude. 

Experiment  6:  Excede  Background  definition 

The  5C  photometer  was  operated  in  a scan  nude  in  rder  to  monitor 
background  aur  »ral  emission  during  the  EXCEDE  shot.  Photometers  JBl  and  5Bt 
were  perated  on  589OA  and  5577A  wavelengths  respectively  t detect  the 
possible  presence  of  wave-like  disturbances  in  the  neutral  atmosphere  in  the 
Na  and  01  emitting  regions. 

Experiment  SWIR/SWIR./tMA  ev<  nts  (th<  b ts  n t run) 

The  3C  photometer  will  be  operated  in  a meridional  scan  mode  to 
determine  energy  input  to  i nospherr  fr  n.  precipitating  particles  and  t 
estimate  the  mean  energy  ('  th<  • :tr  n . A t inn  hisl  ry  is  required.  3B1 
will  be  operated  on  589OA  t >btain  th.  ii.ds  in  the  )cj  km  regi  n before, 

during,  and  after  thi  events.  Compari  . f th  : letric  lat<  witb  1 

TMA  trail  will  all  >w  ca  Lbr  tion  f phol  m tri • wind  measurement  technique. 

wiLl  be-  run  on  5577A  wave Lenj jth  in  rder  ' m>  nrur  th'  energy  dep  sit  by 


3.  THREE  BEAM  DATA  ANALYSIS  CODE  IMPROVEMENTS  (NUWAVIO) 

3 . 1 Introduction 

The  computer  code  used  to  process  the  three  beam  data  such  that  the 
spatial  and  temporal  variations  in  airglow  and  auroral  emission  may  be  inter- 
preted in  terms  of  neutral  winds,  auroral  motions,  wavelike  phenomena,  etc. 
has  a variety  of  internal  functions  which  are  assigned  to  subroutines  plus  the 
control  program.  It  became  apparent  that  certain  subroutine  functions, 
especially  the  input/output  routines  were  inadequate  to  handle  the  range  of 
parameters  required  to  describe  the  several  different  physical  phenomena 
causing  the  measured  fluctuations,  hence  improvements  in  the  code  to  handle 
these  parameters  were  instituted.  The  code  improvements  are  described  func- 
tionally in  the  next  section  and  examples  of  the  enhanced  input/output 
capabilities  are  presented  in  the  following  section.  A more  detailed 
description  of  the  function  of  the  basic  analytical  code  plus  its  important 
algorithms  is  contained  in  reference  3 • 

3 .2  Code  Improvements 

The  functional  organization  of  the  three  beam  analysis  code  involves 
statistical  processing  of  three  simultaneous  digital  time  series  as  input  data. 
These  data  are  read  off  library  copies  of  the  field  data  records  by  the  main 
program  and  the  pertinent  channels  are  placed  in  a data  array.  The  processing 
steps  are  functionally  described  in  figure  1.  Here,  the  important  statistical 
quantities  which  are  computed  are  blocked  out  and  the  flow  through  the  wave 
analysis  section  is  displayed. 


A major  modification  to  the  data  input  and  control  routing  was  made  in 
order  to  compress  successive  five  minute  samples  of  data  within  the  300  unit 
sample  length  of  the  basic  computation.  Because  successive  intensity  samples 
are  recorded  nominally  every  second,  with  a 300  second  series  making  up  one 
digital  record,  it  was  necessary  to  perform  boxcar  averaging  on  successive  n 
units  of  data  in  each  time  series  in  order  to  obtain  an  overall  compression 
factor  of  n.  We  have  tested  this  aspect  of  the  code  up  to  a value  of  n = 11, 
i.e.,  a one  hour  interval  of  data  compressed  into  the  300  sample  time  series. 

The  consequencies  of  such  compression  of  the  data  is  a shifting  of  the  frequency 
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window  for  the  statistical  and  wave  analysis  parameters  by  a factor  of  12. 

This  frequency  window  shift  hopefully  will  allow  us  to  explore  the  dispersive 
effects  of  the  Brunt-Vysala  frequency  and  acoustic  cut  off  region  (around 
0.005  Hz,  5 min  period)  upon  wavelike  phenomena  in  both  the  neutral  atmos- 
pheric emission  and  in  the  motion  of  auroral  excited  species. 

As  the  code  previously  existed,  each  of  the  statistical  quantities 
was  independently  provided  as  both  tabular  and  graphical  .utput  but  little 
post  processing  on  the  wave  analysis  data  was  performed.  The  important 
functional  modifications  to  the  wave  analysis  code  are  described  below  the 
dashed  line  in  figure  1.  Here,  the  wave  analysis  output  in  terms  of  the  wave 
phase  velocity  spectra  are  post  processed  to  provide  weighted  averages  of  the 
three  redundantly  computed  phase  velocity  spectra.  The  weighting  function  is 
derived  from  the  coherence  spectra  such  that  pairs  of  time  series  exhibiting 
high  coherence  levels  play  a stronger  role  in  the  computation  of  average  phase 
velocities  than  the  channels  exhibiting  lower  coherence.  In  addition  to  these 
outputs,  the  spatial  spectra  of  the  emission  fluctuations  are  computed.  This 
involves  a simple  coordinate  transformation  between  the  power  spectral  density 
data  and  the  horizontal  phase  velocity  at  a given  spectral  frequency. 

Because  much  of  the  interpretation  of  the  three  beam  photometer  data 
has  been  in  terms  of  auroral  motions  and  the  E fields  which  may  be  inferred 
therefrom,  we  have  included  both  tabular  and  graphical  output  of  several 
quantities  related  to  E fields,  namely  the  equivalent  E field  geometrical 
components  (vs.  frequency)  and  a plot  of  the  E field  fluctuation  spectrum 
separated  into  north-south,  and  east-west  geomagnetic  coordinates.  Both  of 
these  outputs  are  useful  when  comparing  auroral  motion  data  and  inferred 
E fields  with  other  experimental  measurements  of  the  same  quantities.  Finally, 
the  plot/print  output  routine  was  altered  to  conserve  resources  by  combining 
plots  of  the  same  or  closely  related  parameters  on  the  same  coordinate  system. 
Although  the  major  goal  of  the  code  improvement  effort  was  to  enhance  the 
useability  of  the  code,  a minor  improvement  in  running  time  was  realized 
(approximately  20  seconds  CPU  time  for  each  three  channel  record  segment  of  5 
minutes  duration)  and  the  output  volume  in  both  plot  and  print  formats  was 


It 


reduced  a factor  of  three. 
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3.3  Examples  of  Improved  Code  Applications 

3.3*1  Statistical  Parameters 

The  major  changes  in  the  subroutines  for  plotting  out  the  statistical 
parameters  is  reformatting  them  such  that  more  than  one  parameter  is  provided 
per  plot.  The  new  formats  for  correlation  function,  and  power  spectral  density 
plots  are  illustrated  in  figures  2 and  3,  for  periods  of  active  auroras.  The 
abcissa  coordinates  of  the  plots  are  now  self  adjusting  such  that  when  the 
spectral  window  is  changed  by  the  reformatting  of  data  in  the  control  program, 
the  data  are  presented  in  the  proper  frequency  coordinate  window.  Reformatted 
plotting  of  the  other  statistical  parameters  specified  in  figure  1 is  similar 
to  those  illustrated  herein. 

3.3*?  Wave  Analysis  Parameters 

The  weighted  wave  velocity  and  directional  spectra  which  are  new  outputs 
of  the  program  are  illustrated  in  figure  4.  Here,  one  can  readiLy  detect  wave 
dispersive  velocity  effects  in  both  magnitude  and  direction. 

For  applications  of  the  analyses  to  aur  xral  motions  and  determination 
of  the  auroral  E-fields,  the  equivalent  E-field  frequency  spectra  are  printed 
out  rather  than  plotted.  The  reason  for  this  choice  is  that  the  selection  of 
an  equivalent  E-field  value  is  normally  based  upon  either  the  lowest  frequency 
point  or  the  lowest  velocity  point,  depending  upon  relative  coherence  levels 
and  the  shape  of  the  phase  velocity  spectrum.  The  listing  provides  these 
values  related  to  the  geomagnetic  coordinate  system  as  E (north-south)  and 
E (east-west).  Fluctuations  in  equivalent  E-field  vs.  frequency  are  directly 
relateable  to  other  experimental  measurements,  however,  and  these  spectra  are 

O 

plotted,  again  vs.  geomagnetic  coordinates,  i.e.,  Ef  (N-S)/m  vs.  m and  E 
(E-w)/4u  vs.  tt) . Sample  cases  of  these  spectra  are  presented  in  figure  5 a ana 
b,  for  the  same  data  interval  as  the  previous  examples. 

The  final  wave  analysis  output  which  is  plotted  is  the  spatial  fre- 

O 

quency  plot  of  the  intensity  fluctuations,  I" /k  vs  k.  A typical  plot  f this 
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spectrum  is  illustrated,  in  figure  6.  Here,  one  notices  the  irregular  behavior 
of  this  spectrum,  and  more  surprisingly,  the  positive  average  slope  vs.  the 
expected  negative  slope.  We  have  not  run  enough  auroral  motion  data  samples 
since  the  code  improvement  to  determine  whether  this  is  an  artifact  of  the 
coordinate  change  routine  in  the  code  or  whether  it  is  a real  physical  effect. 
The  irregular  nature  of  the  spectrum  can  be  removed  by  smoothing  and  by 
invoking  weighting  functions  as  was  carried  out  in  the  computation  of  the 
average  velocity  parameters.  Resources  available  to  the  program  did  not  all  w 
resolution  of  these  problems,  but  they  were  not  degradatory  to  the  interpre- 
tation of  the  optical  ground  based  support  data  for  the  various  HAES  experi- 
ments conducted  this  year. 

The  results  of  app Lying  the  improved  wave  analysis  code  to  the  vari  us 
HAES  experiments  during  1976  are  discussed  in  detail  in  later  sections. 
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Spatial  frequency  spectra,  of  auroral  emission 
Heavy  lines  denote  kn  spectrum  where  n = 1.2, 


4.  DETERMINATION  OF  MEAN  ENERGY  PARAMETER  FOR  AURORAL  PRECIPITATING 

ELECTRONS 

4. I Introduction 

Systematic  emission  altitude  variations  in  the  relative  intensities  of 
auroral  ionization  source  strength  and  of  spectral  emission  feature:  have  been 
known  since  the  early  spectrosc  pic  measurements  of  Vegard  (see  reference  11 
a discuss!  n .f  the  early  work).  These  intensity  variations  are  related 
to  the  mean  energy  of  the  precipitating  particles  because  particles  of  differ- 
ent mean  energy  deposit  the  main  portion  of  their  energy  at  different  altitudes 
depending  upon  the  atmospheric  density.  Only  in  the  past  few  years  has  it 
been  possible  to  predict  with  confidence  the  altitude  dependence  of  many 
important  auroral  spectroscopic  emission  features  because  of  the  complexity 
of  the  interactions  between  the  particles  ,f  different  energy  distributi  n and 
pitch  angle  distribution  with  the  atmosphere. 

Theoretical  models  of  the  altitude  dependence  of  N,+  1st  negative  band 
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emissions  at  3914,  4278,  etc.  and  of  01  forbidden  emission  features  at  5577  and 
6300A  have  been  published  by  Kamiyama  (l 2),  Banks  et  al  (13),  Judge  (14),  and 
by  Rees  and  Luckey  ( 15 ) - Of  particular  value  to  the  Interpretation  of  ground 
and  aircraft  based  photometric  observations  is  the  predicted  variation  of  the 
ratio  Rg;  , =*  I(lo00)/i(4j  f8)  as  a function  >f  the  mean  energy  parameter  for 
precipitating  auroral  electrons.  The  mean  energy  parameter  a is  one  half  the 
average  energy  if  the  energy  distribution  of  the  precipitating  particles  is 
assumed  to  be  Maxwellian,  i.e.,  F(E)  * F E exp  (-E/q).  The  assumptions  and 
physical  Limitations  f such  multi-parameter  models  are  discussed  in  l<  i Li 
the  r<  f r nc  :ited  above.  Their  main  limitations  however,  appear  tc  be 
related  t thi  err  rs  caused  by  variati  ns  in  atm  spheric  density  •.  . altitud 
fr  .m  the  model  used,  and  by  departure  f the  precipitating  elect!'  r.  ener.  y 
flux  from  a Maxwellian  spectrum.  Despite  these  potential  sources  f rr  r. 
oh  w that  th  rati  n is  • useful  m<  asuri  f th  n an  nergj  : ras 

Empirical  relati  iiohip  f the  t tal  energy  deposit  n the  atmosphere  by 
precipitating  particle  t . pect.r  sc  pic  emission  intensities  has  b.  ■ n c-.rrii  : 
u‘  : y • ■ uml  er  f i stlgat  rs.  F >r  example,  Wickwar  et  al  (16]  lemoi 
that  •••nergy  di  p sit  <i-riv"d  fr  m ph  t metric  measurements  f th  aur  ral 


4278a  N+  band  intensity  compared  well  with  that  derived  from  inc  -herent  scatter 
radar  measurement  of  the  height  profile  of  ionization.  Because,  the  altitude 
variations  of  recombination  coefficients  in  the  auroral  E-region  as  well  as 
the  fluorescence  efficiency  for  production  of  the  4278a  emission  by  incident 
particles  now  are  both  reasonably  well  known,  these  measurements  not  only 
provided  a useful  cross  calibration  of  the  radar  and  photometric  measurement 
techniques,  they  also  confirmed  theoretical  predictions.  Additionally,  com- 
parisons (17)  of  rocket  and  satellite  measurements  of  the  incident  electron 
flux  total  energy  with  photometric  data  also  confirm  the  N+  1st  negative  band 
fluorescence  efficiency  values  obtained  in  the  laboratory. 

Various  attempts  to  confirm  the  theoretically  predicted  R(6500/4278)  value 
have  been  made,  but  to  date  none  have  provided  definitive  confirmation  of 
Judge’s  (14)  or  Rees  and  Luckey's  (15)  predictions  over  a wide  range  of 
auroral  conditions.  Mende  and  Eather  (l8)  compared  airborne  photometric 
measurement  on  a rather  weak  aurora  ( 100  R of  4278a  emission)  with  satellite 
particle  data  obtained  on  0V1  l8.  Their  single  comparison  was  consistent  with 
the  Rees  and  Luckey  prediction  but  cannot  be  considered  definitive  because  the 
photometer  field  of  view  and  the  subsatellite  geomagnetic  field  region  did  not 
physically  intersect.  Other  comparisons  have  been  made  using  r cket  borne 
electron  detectors,  and  on-board  and  ground  based  photometers,  but  the  pr  blems 
of  non  coincident  experimental  volumes  and  temporal  and  spatial  fluctuati  ns 
in  auroral  characteristics  have  precluded  definitive  confirmation  of  the  ratio 
values,  except  perhaps  for  few  special  cases. 

In  this  report  section  we  describe  the  derivation  of  the  mean  energy 

parameter  from  optical  observations  of  the  R , ratio  value  for  two  cases, 
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ibservations  at  magnetic  zenith,  and  observations  in  a meridional  scan  m de. 
These  observations  are  then  compared  with  coordinated  observations  made  with 
th<  Chatanika  incoherent  scatter  radar.  The  radar  observations  of  electr  n 
density  vs.  altitude  were  analyzed  in  terms  of  the  energy  flux  of  the  pre- 
cipitating electrons  by  means  of  the  SRI  UNTANGLE  code  (19).  The  mean  energy 
parameter  for  the  precipitating  electron  flux  is  then  compared  with  that 
obtained  optical Ly.  This  comparison  provides  an  empirical  cr^ss  calibration 
between  th  two  measurement  techniques,  but  more  important,  because  the  tv 
techniques  differ  c impLetely  in  their  analytical  basis,  their  quantitative 


agreement  tends  to  substantiate  thi  th  f ‘ Lea]  predicti  ns  f R(  vs.  a. 
k.  Phot -:me ter  Measurements 

The  three  color  photometer  was  operated  in  close  coordination  with  the 
Chatanika  incoherent  scatter  radar  on  several  occasions  during  1975  and  1976. 
Comparative  measurements  . f the  mean  energy  parameter  are  presented  herein 
f r tw  periods;  L March  1975  during  the  Multi-rocket  launch  window,  and 
.0  February  1976.  During  the  1975  Multi-support  experiment  the  ph  tometer 
and  radar  were  b.-th  operated  in  meridional  scan  m.des,  but  with  asynchron  us 
timing.  During  20  February  1976  both  the  radar  and  photometer  were  operated 
with  superimposed  fields  of  view  pointed  at  geomagnetic  zenith. 

Details  of  the  operation  of  the  photometer,  calibration  procedures,  etc. 
have  been  described  in  previous  publications.  Pertinent  photometer  charac- 
teristics ar  summarized  in  Table  5. 

An  example  f the  calibrated  data  output  for  the  ,:0  February  _perati. nal 
period  is  illustrated  In  figure  7-  Here,  the  temporal  variations  in  auroral 
intensity  in  the  b'^jQA  and  6p00A  spectral  emissions  and  the  contemporaneous 
rati,  variations  are  plotted  for  a single  five  minute  observing  period  (l  data 
record)  on  a second  by  second  basis.  The  auroral  intensity  during  this  period 
exhibited  onLy  slow  variations  and  thi  ratio  variation  was  even  smaller, 
indicating  a nearly  c nstant  electron  energy  deposit  and  mean  energy  parameter 
vs.  time  for  this  peri  d. 

The  mean  energy  parameter  is  derived  from  the  Rj  value  by  applying  th' 

Ri  . - Luc key  reLati  nship  which  is  summarized  rraphicaily  in  figure  6.  The 
curve  simplified  the  theory  in  that  the  slight  dependence  f R up  n total 
s rgy  lep  LI  (is  !(-■  j8) ) is  n • ine  ud<  ; in  thi.:  curve,  but  the  range 
V values  for  0.1  • a $ 10  kev  i.  indicated  by  the  bars.  Because  the  normal 
auroral  mean  energy  parameter  rang  s between  about  1 and  10  kev.,  ign  ring 
the  total  energy  dependenc  :ausef  an  error  In  thi  ti  ns  ted  valu<  f .• 

fron  mpirical  values  f i)  f nly  few  percent.  In  th  next  section,  *n 
c mpare  the  valuer  >f  mean  energy  parameter  ibtain>  l fr  n tli- ■ phot  meter  tech- 
nique with  c ntemp  ran* • us  va  lues  btairs  1 fr  m a pp Lieut  1 n f * h«  'JNTANH.E 
code  t the  incoherent  scatter  radar  L.rv'i  i . 


TABLE  3 

PHOTOMETER  AND  RADAR  CHARACTERISTICS 


Parameter 

Field  of  view 
Range  resolution 
Sensitivity* 


Photometer  Value 

3° 

none 

> 1.0  Rayleighs  (at  4278a) 


Sensitivity*  to  ionization  source  in  col,1™11 

> 0.005  erg/cm  sec 


Scan  rates 
Scan  increments 
Integration  times 


1 deg/sec. 

10  degr< es  (1975) 

4 degrees  ( 1976) 

1 second  or  ljnger 


Radar  Value 


0.4 
t km 

> 10  electrons/cr 


> x 10  "’erg/cm  sec 

variable  but  usually 
slower 

c ntinu.us 


1-1  seconds  and 
longer 


* Estimates  based  upon  best  conditi  >ns 
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Characteristic  energy  parameter  vs.  intensity  ratio 
R64  = l(6300/l(427^)  derived  from  Rees  and  Luckey 
theory  in  reference  15.  Hie  horizontal  bars  indicate 
the  dependence  of  1^4  on  auroral  intensity  1(427?  A). 


4. J Comparison  of  Photometer  and  Radar  Results 

Coordinated  observations  were  made  on  the  night  of  20  February  197b  with 
both  the  incoherent  scatter  radar  and  the  photometer  pointed  at  geomagnetic 
zenith.  In  order  to  understand  the  detailed  comparisons  of  the  mean  energy 
parameter  data,  the  pertinent  characteristics  of  the  photometer  and  radar  are 
listed  in  Table  5-  Active  auroral  conditions  persisted  during  the  entire 
observing  period,  1040  to  1200  UT.  After  a substorm  occurred  at  ab  ut  1110  UT, 
amorphous  aurora  covered  the  entire  sky. 

Figure  9 illustrates  segments  of  the  comparative  measurements  analyzed  in 
terms  of  mean  energy  parameter.  Both  data  sets  were  reduced  with  integration 
time  of  20  seconds.  Both  data  sets  produced  closely  comparable  results  for 
the  mean  energy  parameter  except  for  a few  unique  periods  when  radar  derived 
mean  energies  are  much  harder  than  those  determined  phot  metrically. 

This  effect  is  undoubtedly  caused  by  the  patchiness  of  the  aur  ra  such 
that  the  radar  briefly  observed  a small  scale  hardening  which  was  integrated 
out  over  the  photometer  field  of  view.  These  data  as  well  as  other  comparable 
data  obtained  on  20  February  are  presented  as  a correlati  n plot  in  figure  1C. 
Her'--,  although  some  scatter  is  observed,  most  of  the  points  agree  within 
abut  0 percent,  which  is  within  the  mutual  experimental  err.ro  of  the  tv 
exper im*  ntal  techniques . 

Scanning  experiments  were  conducted  during  the  L March  1975  Multi-r  cket 
xperimental  period.  During  part  of  this  period  of  coordinated  bservations, 
a bright,  arc  was  observed  near  zenith.  Repeated  scans  tbr  ugh  this  arc 
region  were  made  by  both  the  radar  and  photometer,  however,  with  asynchron.u. 
timing.  Figure  11  illustrates  the  photometer  scans  thr  ugh  this  region, 
showing  the  intensities  of  42  J&A,  bJOOA,  and  R^,  intensity  ratio  vs.  zenith 
angle.  A comparable  view  of  the  arc  is  provided  by  the  incoherent  scatter 
data  (provided  by  R.  Vondrak,  of  SRI)  in  figure  12.  The  radar  scans  sh.v 
the  narrowness  of  the  arc  but  d not  provide  as  high  temporal  resolution  of 
the  arc’s  motions  as  the  ph  tome ter  scans.  Unfortunately,  during  1975  the 
meridional  .-.can  m >de  was  operated  with  a 10  degr  e angle  increment  sti  p,  thus 
the  spatial  resolution  across  the  arc  is  much  poorer  than  that  provided  by 
the  radar.  Despite  the  discrepancies  in  measurement  parameter:'  and  oper- 
ational modes,  we  were  able  to  obtain  a number  of  peri  d of  c mparablt ■ data, 


Figure  10  Correlation  plot  of  comparative  measurements  of  mean 

energy  derived  from  photometric  and  incoherent  scatter 
radar  data  for  20  February  1976.  Each  point  represents 
a JO  second  average.  The  cluster  of  points  at  low 
energy  represents  approximately  50  data  points  obtained 
during  a period  of  constant  energy  input. 
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Figure  11  Calibrated  photometer  scans  through  arc  region  on  12  March 

1975.  Intensity  of  4273  A and  of  6^00  A omission  is  plotted 
together  with  their  intensity  ratio,  Note  that  for 

these  data,  the  scan  position  increment  was  10  degrees  with 
a dwell  time  of  5 seconds  at  each  position. 
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Figure  12  Contour  map  of  electron  density  vs.  height  measured 
by  the  Chatanika  incoherent  scatter  radar  during  a 
meridion  scan.  Contours  are  in  units  of  lo5/ci;P  and 
are  given  in  intervals  of  1,2,4,5,6,3,10,  etc. 

Data  furnished  courtesy  of  SRI. 


i.e.,  when  the  photometer  and  radar  were  looking  at  the  same  portion  of  the 
oky  at  nearly  identical  times.  Results  of  one  such  comparison  are  illustrated 
in  figure  13 . Here,  the  radar  scan  has  been  integrated  over  10 ° angles  to 
make  Its  field  comparable  to  the  photometer.  The  fields  of  view  generally 
coincided  spatially  within  about  30  seconds.  We  see  that  the  radar  has  out- 
lined the  energetic  portion  of  the  arc  more  adequately  than  the  photometer, 
but  both  techniques  produce  closely  comparable  values  of  mean  energy  parameter 
in  the  diffuse  precipitation  region  to  the  south  f the  arc.  The  moderate- 
disagreement  between  the  techniques  at  angles  to  the  north  of  the  arc  are 
probably  due  to  the  differing  geometry  of  the  two  measurements. 

1.4  Summary 

We  have  shown  that  the  Rees  and  Luckey  theory  relating  the  mean  energy 

parameter  for  precipitating  electrons  to  the  photometric  R rati  agrees  veil 

o4 

with  measurements  of  the  mean  energy  independently  derived  from  incoherent 
scatter  radar  measurements  as  analyzed  by  the  UNTANGLE  code.  Such  agreement 
provides  cross  calibration  between  the  experimental  techniques  and  furthur- 
more  tends  to  confirm  the  predictions.  Applications  f these  results  t,  th° 
WIDEBAND  rocket  launch  is  described  in  a later  section. 
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Figure  13  Comparison  of  mean  energy  for  precipitating  electron 
flux  derived  from  radar  and  photometric  measurements 
during  sc  operations  in  meridional  plane.  Data  for 
12  March  1 ,’5  • Radar  data  are  integrated  over  10° 
scan  angle  to  correspond  with  photometer  angle 
increment  setting.  Narrow  arc  near  zenith  was  massed 
by  the  photometer. 


EXCEDE  ROCKET  SUPPORT  RESULTS 


5. 

Excede  rockets  were  fired  on  23  February  and  19  November  1976.  Our  support 
for  these  experiments  was  mainly  limited  to  confirming  that  uhe  launches  occurred 
during  low  levels  of  auroral  activity  such  that  the  electron  gun  excitation  in 
the  visible  and  infrared  was  not  appreciably  contaminated  by  ambient  auroral 
ionization  and  emission  processes. 

Data  was  obtained  in  support  of  EXCEDE  experiments  by  the  tliree  color  photo- 
meter operated  in  a meridional  scan  mode.  During  the  Pebruary  operation  scan 
angle  increments  'were  set  to  10  degrees  with  a 5 second  dwell  time.  During  the 
November  period,  a scan  angle  increment  of  h degrees  was  chosen,  with  a 2 second 
dwell  time.  Both  scan  programs  allowed  a full  scan  between ,10  degree  elevation 
angles  in  So  seconds,  i.e.  2 degrees  per  second.  We  found  that  the  advantage  of 
the  shorter  integration  time  and  smaller  scan  angle  increment  made  up  for  the 
somewhat  larger  statistical  error  in  calibrated  intensities  because  smaller  scale 
and/or  shorter  time  features  exhibited  in  aurcra  arcs  could  be  defined  better  in 
the  new  scan  program. 

Figure  l4  illustrates  the  photometric  intensities  vs.  scan  angle  for  tne 
February  EXCEDE  event.  It  is  clear  that  a low  level  of  auroral  activity  exist*  cl 
on  the  upleg  trajectory,  although  some  activity  is  present  to  the  north. 

The  November  EXCEDE  data  are  likewise  presented  in  Figure  1;  . Again,  t 
activity  level  is  lower  on  the  upleg  trajectory.  In  both  cases,  it  is  apparent 
that  the  rocket  shots  were  conducted  early  enough  th:  t the  uple  :s  passed  egaator- 
ward  of  the  main  part  of  the  diffuse  precipitation  flux  is  low  as  well  as  the 
en<  rgj  parameter,  i.e.  t ■ maximui  rate  < f aun  ral  ionizatii  n Ls  at  li  ; r 
altitudes  than  during  active,  discrete  auroral  arc  displays.  These  ar< 

s st  c lucii  ccessful  EXCEDI  xperii  ts  at  ..  r Lat  and  ar 

readi!  Id  ntifiable  bj  p otometrie  meridional  scan  1 ; rval  s.  I b s Id  b< 

:i<  ted  that  our  conclusions  parallel  those  obtained  fron  the  Chatanika  Incoherent 
Coat  ter  Radar  Lns< far  as  on  site  bservati  ; r c par 
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Meridional  ian  of  4273  A and  CjJOO  A intensity  for 
EXCEDE  lav.  - of  28  February  1976. 


Figure  l4 
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t.  WIDEBAND  EXPERIMENT  SUPPORT 


6. 1 Introducti  n 

WIDEEAND  experiment  support  was  provided  by  the  meridional  scanning  three 
color  photometer  as  well  as  two  three  beam  ph  tometers  bserving  aur.,ral 
motions  at  zenith.  The  meridional  scanning  phot  meter  operated  on  wavelengths 
U278A,  and  GyGuA  and  provided  data  on  t tal  < ner  y depot  It  Li  the  atmosph-  re 
by  precipitating  particles,  total  flux  f pr  t ins  (i+86lA),  and  intensity  ,-f 
6500A  from  01,  which  pr  ivides  the  mean  energy  paran.  ter  when  rati  :ed  with 
hi 78A  as  discussed  in  section  1.  The  three  beam  phot  meters  were  operated,  at 
5577A  and  6J00A  wavelengths  in  order  to  btain  auroraL  m.ti.n  data  as  well  as 
the  F-region  irregularity  motion.  The  next  section  discusses  the  latitudinal 
distribution  of  total  energy  deposit  by  precipitating  e iectr  ns  and  their  mean 
energy  parameter.  The  auroral  E-fields  are  Inferred  from  the  5577A  three 
beam  photometer  data.  Motions  of  the  bJOCA,  F-region  irregularities  are 
presented  but  a full  interpretati  n f these  data  is  premature  insofar  as  the 
physical  mechanisms  creating  the  bserved  irregularities  and  their  m ti on.-  re 
not  fully  defined. 

6 . Latitudinal  Distributi  n T Precipitati  n 

The  three  color  photometer  was  operated  in  a meridional  scan  m de  such 
that  the  latitudinal  distributi  n of  the  intensities  of  L°78A,  A861A,  and 
6300A  emissi  ns  c uld  b-  determined  during  the  WIDEBAND  r cket  launch  peri  a. 
As  previ  usiy  described,  the  J&A  intensity  provides  a direct  measur  f th 

energy  deposit  in  the  field  f view  by  precipitating  electrons  and  pr  t n,  . 

The  ,'+86  LA  emissi  n intensity  provides  a measure  of  proton  particle  flux  int 
tb<  ••  pi  re,  and  6300A  emission  from  01  provides  a means  of  obtaining  the 
mean  energy  parameter  f tie  precipitating  e Iectr  'ns  as  described  in  chapter  • 
In  thi.  ;*•  *ctl  r. , v describe  the  distributi  p.  of  energy  dep  sit  which  ir  a 

lin  ■■  ■"  nl  f thi  i nl  at  1 n s urc<  . trength,  and  the  c nctim  nl 

ti  ns  f the  R.  , rati  ■ fr  >m  which  the  mean  energy  parameter  is  derived. 

W<  hav  not  r iuc  i and  :a  il  *a  i the  • ■ iA  data  as  yet. 


Tim  • c ri.a  cut.iv  scans  f this  three  beam  pii  t meter  which  were  taken 
Hal  y fter  rocket  aunch  al  OT  are  presented  in  figure  16.  Sere, 


the  4278A  intensity  vs.  zenith  angle  is  converted  to  the  total  energy  deposited 
in  the  atmosphere.  The  direction  and  time  duration  f the  scans  is  indicated 

on  the  figure.  The  zero  Level  for  energy  deposit  also  has  been  shifted  by 

-2  -1 

2 erg  cm  sec  for  consecutive  scans  in  order  to  separate  the  curves  for 
clarity.  These  data  show  that  a weak  ionizing  flux  was  present  to  the  south 
of  zenith  (approximately  1 to  2 erg  cm  ~ sec  ")  gradually  increasing  in  mag- 
nitude to  zenith.  Near  zenith,  the  horiz  ntal  gradient  in  ionizing  flux 
increased  indicating  that  the  diffuse  precipitation  region  gr  ws  stronger  to 
the  north.  At  greater  distances  to  the  north,  one  r more  discrete  arcs  are 
observed  which  is  typical  for  the  quiet  time  diffuse  auroral  region.  It  should 
be  noted  that  in  the  diffuse  precipitation  region  near  zenith  the  overall 
intensity  changes  by  nearly  a factor  of  two  from  scan  to  scan,  but  the  hori- 
zontal gradients  appear  to  remain  similar  in  form.  This  is  clearly  not  an 
Instrumental  effect.  Additi  naliy,  examination  of  figure  16  shows  that  the 
discrete  arc  to  the  north  also  shifts  not  -nly  in  magnitude  but  in  location  as 
successive  scans  are  made.  However,  this  moti  n probably  d es  n:t  affect  the 
data  obtained  on  the  rocket  upleg  (at  about  10  north  zenith  angle)  because  it 
remains  within  the  diffuse  precipitation  region. 


The  mean  energy  parameter  computed  from  the  , ratio  value  is  presented 
in  figure  17  in  a f ormat  similar  to  f igur ' 16.  Here,  the  mean  energy  increases 
from  ■:  generally  soft  value  in  the  south  to  harder,  more  energetic,  values  in 
the  north.  The  discrete  arcs  shew  the  hardest  values  of  mean  energy  ranging 
fr-m  ab  ut  10  to  15  kev  which  is  consistent  with  previous  observations.  An 
apparent  very  large  mean  energy  parameter  is  indicated  for  some  scans  in  the 
region  of  40  to  60°  south  zenith  angle.  These  anomalously  large  values  we 
beiieve  are  produced  by  a geometrical  effect  which  has  not  been  removed  from 
the  analysis  at  this  time.  The  effect  is  produced  by  looking  out  from  th(  dgi 
-f  the  precipitation  region  wherein  the  observed  u,  78A  emissi  n is  produced  by 
precipitating  electrons  near  120  km,  but  the  O5C0A  emission  is  produced  in  th- 
F-regl  n (ab  ve  ab  ut  L8C  kr.)  >utside  the  region  -f  precipitation.  Becausi  the 
F-regi m equati  rward  f the  diffuse  quiet  time  aur  ral  zone  is  depleted  f 
i nixati  n at  times  much  after  sunset,  the  emissi  n f e',00  by  eiectr  >n-i  n 
recombination  is  greatly  reduced  consequently  producing  anomalously  l.w  values 
'•  r th  R rati  . Further  impr  Vements  ii  us  am  ytics  e ies  will  bi 
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Figure  17  Latitudinal  scans  of  mean  energy  of  precipitating  electrons  as  derived  from  the 

photometric  intensity  ratio  = 1(6300/1(^78  A).  The  right  liand  scale  indicate, 
the  approximate  altitude  of  peak  ionization  for  the  precipitating  electrons. 


required  in  order  to  remove  such  geometrical  artifacts. 


The  overall  behavior  of  the  mean  energy  parameter  vs.  zenith  angle  is 
closely  parallel  to  the  total  energy  value  variations.  This  suggests  that 
over  the  diffuse  auroral  region  at  least,  the  total  precipitating  electron 
flux  is  nearly  constant  vs.  latitude  but  the  mean  energy  increases  slowly 
going  from  equator  to  poleward  edges.  The  detailed  behavior  of  the  mean 
energy  and  energy  deposit  also  shows  some  small  scale  features  which  are 
apparently  real,  not  statistical  artifacts.  Similar  effects  have  als:  been 
observed  in  the  incoherent  scatter  radar  data.  For  example,  there  are  optical 
indications  that  the  small  F-region  "bubble"  observed  at  zenith  angle.-  f 
approximately  10  degrees  to  the  south  is  a precipitating  particle  feature, 
not  a remnant  of  the  daytime  F-region.  At  this  time  the  data  have  not  been 
fully  reduced,  consequently  we  are  unable  to  determine  whether  this  feature 
might  be  caused  by  proton  precipitation  rather  than  soft  electr  n precipi- 
tation. Further  effort  to  resolve  the  details  of  the  optical  emission  features 
and  interpret  them  in  terms  useful  to  the  WIDEBAND  measurements  is  required. 

C.  J Measurements  of  Aur  ral  Mti.ns  and  Irregularities 

The  three  beam  ph  -t  meter.'  w re  utilized  t.  make  auroral  motion  observa- 
tions in  the  5577A  and  63OOA  emissions.  Tb  miss  i n f 5577A  in  aur  ra:  is 
generated  mainly  by  processes  dir-  ctly  related  to  the  auroral  electr  jn  flux, 
hence  irregularity  matins  .bserved  in  emission  accurately  depict  the  flux 
irregularities  and  their  m ti  n.  The  c^OOA  F-region  emission  however,  is 
m re  c mplic*  ted.  Th<  xygen  3(lD)  stat<  has  a radiative  lifetimi  f ab  ut 
LOO  see  nds,  therefore  excitation  by  aurora  1 particles  is  integrated  in  time 
and  smear  i spatially  due  1 > neutral  mass  motions.  Ai  < Lditi  :■  . c mp  icati  n 
is  the  ciMLisi mal  quenching  >f  the  ID  state  at  altitudes  below  ab  ut  . 30  km, 
whicl  ff  :tively  reduces  the  observed  Lifetime  f th<  stat<  . Becaus  if 
th>  f'.  atuT’-o , interpretation  f the  tJOOA  horizontal  phase  velocity  and 
:•  ciati  : piani  i • ' ■ s i . mi  li  much  m ri  1 i fficu  1 1 . 

Aurora  1 m il  ns  bserved  in  the  5577A  emissi  *n  region  have  been  inter- 
preted in  terms  f the  E-fields  rec  . '.red  to  generate  th*  h ri.  mtal  t ti  ns  in 
pr  :ipitating  particb  flux  Lrr  ■ . iriti  . , i. . . . bj  l h Ex]  i-  >tric 
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fields  deduced  by  this  technique  for  the  period  surrounding  launch  of  the 
WIDEBAND  rocket  are  depicted  in  figure  l8.  These  E-field  values  are  charac- 
teristic of  a small  region  immediated  around  zenith  and  may  n >t  necessarily 
be  identical  to  these  in  the  region  of  the  rocket  trajectory.  However,  they 
probably  provide  a reasonable  representation  of  the  conditions  in  space  which 
were  sampled  by  the  rocket.  Additionally,  the  general  behavior  of  the  E-fields 
inferred  photometrically  agree  qualitatively  with  the  much  larger  scale  fields 
as  sampled  by  the  Chatanika  incoherent  scatter  radar,  although  the  magnitudes 
appear  to  differ  somewhat.  The  later  term  E-field  variati  ns,  near  1100  UT 
apparently  characterize  the  extremely  large  spatial  shear  in  E-fields  and 
auroral  plasma  motion  observed  both  on  satellited,  by  the  Chatanika  radar, 
and  by  WIDEBAND  observations  of  irregularity  motion.  It  is  likely  that  the 
shear  observed  overhead  at  about  1100  UT  is  the  later  time  devel  pment  f 
shear  motion  observed  at  high  latitudes  during  the  rocket-satellite  experi- 
ment at  1025  UT.  which  were  reported  by  Livingston  (private  communication). 


Observations  of  E and  F-region  irregularity  motions  made  with  tne  tv 
three  beam  photometers  are  illustrated  in  figures  19  and  20.  Here,  the 
dispersive  motion  of  the  5577A  emission  fluctuations  depicts  the  auroral 
motion  whereas  the  6$00A  motions  is  a combination  of  auroral  excitation  and 
drifts  of  the  emitting  irregularities.  Thes<  data  are  present  • 1 f r th<  fiv< 
minute  period  following  rocket  launch  and  theref  re  are  representative  f 
conditions  at  zenith  averaged  over  the  rocket  flight  time  approximately. 

In  order  to  uniquely  separate  the  effects  if  aur  iral  m it i r.  fr  m th 
neutral  and  ion  motions  representative  of  the  observed  fluctuati  no  in  th 
F-region,  6J00A  data,  a much  mire  intensive  data  reduction  effort  will  t 
required . Qualitative  comparisons  f the  5577A  and  • 5 A 1 ai  phot  - 

meter  measurements  of  horizontal  phase  vel  city  and  other  parameters  indicat*-.- 
that  ouch  an  effort  should  be  fruitfu L . If  suceessfu  . then  a 
will  be  directly  c ,-mparable  to  the  WIDEBAND  interf*.  r meter  • xperim*  nt . . 1 

will  be  us* - f u in  interpreting  th  se  data. 
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Figure  l3  Ionospheric  Electric  Fieldso computed  from  three  beam  measurement, 
of  auroral  motions  in  5577  A spectral  region  for  WIDEBAND  rocket 
26  November  1976.  Launch  time  102/  UT. 


7. 


SUMMARY  AND  CONCLUSIONS 


7.1  Gun. mar;/  a1  Kcneriiuental  Results 

The  Ionospheric  Irregularities  Program  provided  ground  based  optical 
supporting  measurements  to  the  DNA/HAES  Program  in  Alaska  for  a number  of  rocket 
experiments  conducted  during  the  1976  contract  period.  Specific  rockets  which 


were  supported  were: 

• EXCEDE 

f\) 

CO 

February  1976 

• EXCEDE 

19 

November  1976 

• WIDEBAND 

26 

November  1976 

In  addition,  ground  based  support  was  operated  for  the  ICECAP  rocket  series  which 
was  postponed  indefinitely  from  the  February  window.  These  shots  were  the 
5WIR/SWIR/TMA  series. 

The  principal  results  for  the  EXCEDE  rockets  were  obtained  utilising  the 
meridional  scanning  three  color  photometer.  The  purpose  of  these  measurements 
was  to  confirm  that  a low  level  of  precipitating  flux  background  existed  during 
the  EXCEDE  flights.  Our  results  indicated  that  for  both  flights,  although  sonic 
auroral  precipitation  activity  was  present  to  the  north,  an  acceptably  lev/  level 
of  precipitation  input  was  present  during  the  flight  at  least  in  the  vicinity  of 
its  upleg  trajectory.  The  very  small  degree  of  precipitation  present  in  the 
vicinity  of  the  upleg  trajectory  was  diffuse  and  apparently  low  in  mean  energy. 

Data  obtained  in  support  of  WIDEBAND  are  quite  extensive  and  require  muc: 
more  interpretation  than  has  been  conducted  to  date.  We  observed  a meridional 
gradient  in  both  total  energy  deposit  and  in  mean  energy  parameter  during  the 
26  November  coordinated  WIDEBAND  satellite -rocket  experiment.  Diffuse  visible 
auroras  extended  to  near  zenith  from  the  north  indicating  that  an  ionization 
;radient  should  exist  near  zenith.  The  scanning  photometers  expanded  - n this 
observation  and  quantified  it.  Gmail  scale  features  in  both  E-  and  F-region 
structure  observed  by  the  incoherent  scatter  radar  were  also  observed  photomet- 
rically and  indications  of  structure  in  the  precipitating  flux  as  well  as  in  ti.e 
ami  i< nt  L< n< sphere  were  verified.  The  three  beam  photometer  data  on  auroral 
E-fields  showed  a generally  low  level,  but  temporally  dynamical  E-field  behavior. 


se  data  agreed,  well  with  the  radar.  P -region  structure  and  motions  as  observed 
in  the  C-jOOA  01  emission  line  were  very  complicated.  Dispersive  motion  was 
observed  wherein  the  horizontal  phase  velocity  varied  significantly  in  magnitude 
and  direction  with  frequency.  These  data  also  agree  qualitatively  with  the  WIDEBAND 
satellite  interferometer  receiver  data  (Livingston  et  al,  private  communi cation) 
although  we  have  not  been  able  to  carry  out  detailed  quantitative  conparisons  as 
yet.  The  WIDEBAND  support  data  require  much  more  effort  in  reduction  and  inter- 
pretation if  they  are  to  be  quantitativi  lj  seful  in  analysis  of  the  ionospheric 
properties  which  produce  the  observed  scintillation  effects  on  WIDEBAND. 

7 • 2 Summary  of  Analytical  Results 

Analytical  efforts  during  the  1976  Ionospheric  Irregularities  Program  were 
confined  to  improvement  of  the  three  beam  data  reduction  code  and  to  confirming 
the  cross  calibration  between  photometer  and  incoherent  scatter  radar  measurements 
of  the  mean  energy  parameter  of  the  precipitating  electron  flux.  Cede  improvements 
will  allow  much  more  flexible  use  of  the  three  beam  photometer  technique  for 
measurements  of  auroral  motions,  neutral  winds  and  wavelike  motions,  and  their 
associated  quantities. 

Perhaps  the  most  important  analytical  results  obtained  during  1 '7'  was  the 
ss  calibration  < f photometric  an.:,  incoherent  scatter  radar  techni  j ■ s for 
measurement  of  the  precipitating  electron  flux  .mean  energy  parameter.  Theoretical 
results  indicated  that  for  Maxwellian  ener  -y  distribution  in  the  precipitating 
electrons,  the  ratio  of  emission  intensities  R^j  = l(6300)/l(4278)  would  be  a 
useful  measure  of  the  mean  energy  parameter.  Comparisons  < f the  p . U mi  trie  data 
with  equivalent  quantities  computed  via  the  SRl/UHTANGLE  code  using  incoherent 
scatter  radar  data  provided  a cross  calibration  between  the  experimental  techniques 
w<  11  as  " nfirming  the  theoretical  predictions. 

r is  result  is  important  because  it  will  allow  use  of  either  p ho  tome  ti  :•  r 
radar  measurements  of  boti.  energy  and  mean  energy  parameter  in  future  HAEC 
experiments  wit:,  more  confidence'  as  well  as  provide  additional  comparative  data 
for  past  and/or  future  nuclear  test  measurements. 


7 . ; Ground-based  Optics  ana  Future  -iAKk  Bcgerii  mfcs 


Passive  ground-based  optical  support  experiments  lave  boon  limited  tc 
detection  of  the  optical  emission  features  from  limited  altitude  regimes  c::arac- 
tcristic  of  the  emitting  species.  Ihe  Is:.'  sp  Leric  Irr<  gularities  Prc  ;ran  has 
concentrated  upon  the  well  known  auroral  and  airflow  emitting  species  which  arc 


' : 1<  : 

Species 

Wavelength 

Altitude  of  Peal:  Inten: 

OH 

near  IR  and  IR 

85  km 

Na 

5896A 

95  km 

01 

5577A 

95  to  120  km 

01 

oyOOA 

150  tc  500  km 

N+ 

L— 

4273a 

90  to  150  km 

These  spectral  emission  features  and  their  altitude  dependences  are  now  reasonably 
well  known,  and  the  features  can  bo  interpreted  in  terms  of  their  causitive 
phenomenology  with  confidence.  Likewise,  application  of  HAES  measurements  of  the 
temporal,  spatial,  and  spectral  characteristics  of  these  features  to  further 
ind  :r stand  the  existin  ig  altitude  nuclear  effects  data  bas<  is  t oreti  all 
and  analytically  supportable.  However,  we  must  consider  other  juallj  Li  rt  ... 
spectral  emission  features;  for  example,  emission  from  0o  in  t atm  sj  ieri  • I 
infrared  atmospheric  bands,  emission  from  WO,  N0o  and  other  infrared  active 
species,  and  emission  from  high  altitude  ionic  species  such  as  Oil  (0  ).  Suppi rt 
ful  ir  .....  qp  rii  a ts  will  require  sucl  xpansi  ..  .'  the  experimental 
capabilities  in  order  to  extend  the  altitudi  range  ace-  ssible  tc  ground-  and/or 
aircraft-based  optical  support  experiments. 

In  addition  to  extending  the  spectral  ran  e of  ptica  rt  iq  rim  nts, 

e spatial  and  temporal  dynamical  ran  ss  mus  Led!  sans  f mor  k d 

u strumentation  design.  For  example,  our  pn  si  . t r 1 ai  j otoi  • r jq  ri- 
; ar  lesigi  oi  sasure  auroral  and  m itral  oj  cies  i ti  \ r spatia 
: a is  of  tens  i f kilometers.  It  is  well  known  t a:.  I spa  ial  Lrr  - - 
lari  s w Lcl  cause  scintillation  effects,  possible  infrared  irregularities , 


and  upper  atmospheric  turbulence  scales  extend  down  to  the  tens  of  meters  sizes 
or  smaller.  Thus,  it  is  incumbent  that  the  ionospheric  irregularity  instrumen- 
tation be  extended  in  capability  to  cover  these  scale  sizes. 

Results  obtained  be  date  on  the  Ionospheric  Irregularities  Pr<  ram  indicati 
that  further  valuable  support  can  be  provided  to  the  HAES  ■ ffort  in  thi  following 
areas : 

• INFRARED  PROGRAMS 

Ground-based  infrared  measurements  of  NO  fundamental  and  overtone  band 
radiances  utilising  ultranarrowband  interference  filter  radiome  try 

Ground-based  visible  and  near  IR  measurements  of  excitation  of  NO 
precursor  species 

Measurements  of  energy  input  processes  made  by  coml >d  r uid-1  asi  d 
optica]  and  incoherent  scatter  radar  experiments 

Measurements  of  transport  processes  made  by  combined  optical  and  radar 
techniques 

• SATELLITE  AND  RADAR  PROPAGATION  EFFECTS 

Ground-based  optical  and  scatter  radar  measurements  of  plasma  properties, 

especially  neutral  and  ionic  motions,  plasma  gradients,  \ 1 . tr  n and 

ion  temperatures,  both  in  auroral  and  equatorial  regions 

Hi  '■  resolution  optical  measurements  of  auroral  precipitation  and  pj 
irre  ■ulari^ies 

High  resolution  optical  and  radar  meas  rei  nts  al  r: 

[ asma  Lrr<  jularities,  especially  those  in  the  F-re| 

• iIUCLEAR  BURST  PlffiNOiENOLOGY 

rpr  ative  data  regarding  the  burst  phenomen<  1<  ;.v  at  1<  . 
latitudes  must  be  obtained  if  it  is  to  be  applied  to  high  latitude  battle 
s.  lata  regard]  ra  L<  q ci 

a Lrrog  ixi  Lea,  and  er  ] litions 

1 ' i rder  t<  fully  utilize  the  exis  in  ucl  ar  si 


data  base.  Optical  measurements,  especially  those  related  to  i’-region 
irregularity  generation  vail  be  valuable.  Most  of  these  are  obtainable 
as  supporting  efforts  for  other  ad-hoc  experiments 

In  conclusion , it  is  especially  inportant  to  point  out  the  value  of  conducting 
well  coordinated  experiments  utilising  a variety  of  observational  tools.  For 
example,  the  continued  cooperative  experimental  and  analytical  efforts  between 
the  Ionospheric  Irregularities  Program  and  various  programs  conducted  by  SRI 
utilising  the  Chataniha  incoherent  scatter  radar  have  led  tc  valuable  insights 
into  upper  atmospheric  and  auroral  phenomenology  and  its  application  to  the  HAEC 
Prc  :rurn.  Further  efforts  of  this  nature  should  bo  strongly  encouraged. 
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Appendix  A 
Chatanika  1976  Data 
Synopsis  Sheets 


SYNOPSIS  OF  DATA 


Tap*-:  V.'HJ^L  (6093  -FILE  I) 

Date:  /lO/7t  'lime:  0600  t:  1)27  OT 

Photometer ( s) : 5EL,  5B  , jC 
General.  Activity: 

Active  forms  visible  fr  m before  0800  to  after  1200 


Operating  Modes: 

0647  to  L 57-3C-4278*  486l,  0300,  zenith 
065 f to  1257  5B1  - 589OA  - zenith 

0707  to  1257  5B:  - 7700  - zenith 


Notes: 


)/h  Moon  - 

OH  - NA  Program 

5B1-E  channel  very  noisey 


SYNOPSIS  OF  DATA 


Tape : WOLF*/  (60992 -FILE  ) 

tote:  2/11/76  Time:  O515  t 1350  UT 

Photometer(  s) : 3B1,  3B2,  3C 
General  Activity: 

Active  after  0800  to  about  1100  UT 


Operating  Modes: 

0550-1300  3B1  on  30  sec  dwell,  30  degree  Incremented  SCAN  mode  (Denote 

SCAN  E)  limits  zenith  150  N (30  el.  angle).  5577 A 
0550-1300  3B2  - 5577-zenith 

0550-1300  3C  - zenith 

Notes: 


Strong  m n light. 


SYNOPSIS  OF  DATA 


Tape : WOLF03  (609% -FILE  }) 


Date:  2/12/76 


Time:  0445  to  1250  UT 


Photometer(  s)  : 3B1,  3B2,  3C 


General  Activity: 


Low -Auroral  arcs  detected  to  north 


Operating  Modes: 

0520  - 1220  - 3B1  - 5 577 A - SCAN  MODE 

0520  - 1220  - 3B2  - 55774  - zenith 

0520  - 1220  - 3C  - zenith 


Notes: 


Strong  mo  inlight 


SYNOPSIS  OF  DATA 


Tape:  WOLF04  (60992  - FILE  4) 

Date:  2/13/76  Time:  045O  to  1330  UT 

Photometer(  s) : 5B1,  3B2,  3C 

General  Activity: 

Strong  near  1200  UT  at  zenith 


Operating  Modes: 


0520  - 1045 
1045  - 1300 
0520  - 1300 
0520  - 1300 


3B1  5588a,  at  155°  NL  (i'5J  N elevation) 
5B1,  5577A,  SCAN  E Mode 
5B2,  5 577 A,  zenith 
3C,  zenith 


Notes: 

Moon  Up 

Satellite  Passes: 
0515  UT  AE-C 
0952  UT  TRIAD 


i 


; 

4 


I 


SYNOPSIS  OF  MTA 


Tape:  WOLF05  (61179-FILE  l) 

Date:  2/14/76  Time:  0400  to  1335  UT 

Photometer( s) : 3B1,  3B2,  3C 

General  Activity: 

Low  most  of  evening 

0800  Faint  arc  to  north 

1100  Intense  fi  form  extending  to  zenith 

1130  Back  to  Low  activity 


Operating  Modes: 

0440  - 1305  3B1,  5577A,  SCAN  E Mode 
0440  - 1305  3B2,  5577A,  Zenith 
0440  - 1305  3C,  zenith 


Notes: 

Full  Moon 
Satellite  Passes: 
0516  AE-C 
0741  S3-2 
0902  TRIAD 
1042  TRIAD 
12 18  ISIS-1 


t 


SYNOPSIS  OF  DATA 


Tape:  WOLFSZfc  (61179  - FILE  2) 

Date:  2/15/76  Time:  0600  - 1130  UT 

Photometer(  s) : 3B1,  3B2,  3C 

General  Activity: 

Quiet  but  very  weak  arcs  t North 

Operating  Modes: 

0645  - 1100  3B1,  5577A,  zenith 
0645  - 1100  3B2,  6300 A,  zenith 

0645  - 1100  30  at  zenith 


Notes: 

Satellite  Passes : 

0735  UT  S3  - 2 
10.12  UT  TRIAD 
1149  UT  ISIS1 

After  1040  Cirrus  moving  in  from  south  east. 

1100  - Cloudy  at  zenith 

1050  to  1150  3CR(ch  10)  has  abnormally  hi  CR-  t .010,  3B1  Weak 

wavelike  variations. 

095O  - 1000  (4t)  3B1  ch  4 has  noise,  str  ng  wavelike  varlati  ns 


A 


3B1,  3K 


Tape:  WOLFyfe  (61179  - FILE  2)  Continued 


Uotes : 

continued 

0910  - 

0945(44) 

5Bl(4)  noise 

0935  - 

0945(45) 

5Bl(4)  noise 

0940  - 

0945(42) 

5Bl(4)  noise 

0910  - 

0945(58) 

5Bl(2)  noise 

0740  - 

0855(50) 

3B1,  3B2,  30  - occasional  wavelike  variations 

J 


SYNOPSIS  OF  DATA 


Tape: WOLF  07  (61179  - FILE  j) 

Date:  2/16/76  Time:  0500  to  1350  UT 

Photometer( s) : 5B1,  5B2,  5C 

General  Activity: 

Quiet  until  1050  UT 

Active  t r.  irth  after  1C50  but  did  not  reach  zenith. 


Operating  Modes 

: 

0530  - 0929 

3B1,  58904  on  zenith 

0930  - 0950 

3B2,  7700,4  on  zenith 

0929  - 0950 

5B1  and  3B2  on  DCR 

0950  - 1050 

5B1,  55774,  155JN  angle 
3B2,  55774,  zenith 

1050  - 1315 

5B1,  55774,  90  to  150°  scans 

50°  increment  30  sec  dwell 
3B  , 5577.4  zenith 

0530  - 1515 

3C  on  zenith 

Notes: 

Satellite  Pass 

es : 

O5U2  - AE-C 
0728  - S3- 
0942  - TRIAD 

1.1  - 1125  Ut  3 

OR  erratic 

Full  Moon  Peri  id 

0950  to  1050 

5C  noisey  (ch  t and  10) 

1015 

5C  - ch  8 quieted  d wn 

1030 

Activity  in  5B  and  5C9  at  1 w 

1050 

5C  ch  8 n 'isey,  ch  LO  ff  sea 

Tape : 


WOLF  07  (61179  - FILE  3) 


Continued- - 


Notes : 

Check  for  possible  proton  arc  after  O93O 

1115  (76)  30  very  noisey  all  channels 

- 1125(78) 

3B1  activity  to  north  (30'  el  angle) 

1050  - 1200 

1145(82)  3C  (ch  10)  zeroed 

1200  - 1225  5B1  activity  moved  to  L2C  seel  r 


SYNOPSIS  OF  DATA 


Tape:WQLP08  (61179  - FILE  4) 

Date:  2/17/76  Time:  . 1 0 UT 


Photometer( s) : 3B1,  3B2,  3C 


General  Activity: 


Quiet  until  0850 

O85O  multiple  faint  arcs  to  zenith 

after  0900  strong  activity  from  north  to  zenith 


Operating  Modes: 

0500  - 0830 

3B1 

3BP 

0835  - 1250 

3B1 

0500  - l:  00 


589OA , zenith 
7700a , zenith 

5577A,  SCANS  90°  to  150°, 


jB'  , 5517 A,  at  zenith 
5C  zenith 


30°  angle  increment, 
30  sec  dwell  time 


Not.es: 

Yoon  up  after  0620  UT 
. '•  t< ! 1 1 1 1 j es : 

07? 1 - S3 -2 
0911  - TRIAD 


SYNOPSIS  OF  DATA 


— 


Tape:  W0LF09  (57930  - FILE  l) 

Date:  2/18/76  Time:  0420  to  1330  UT 

Photometer(  s) : 3B1,  3B.  , 50 
General  Activity: 

O65O  Faint  glow  to  zenith,  arc  tonorth 

0830  Very  active 

12  30  Stable  arcs  to  south 


Operating  Modes: 

0500  - O65O  3B1,  5890A,  zenith 

0820  - 1300  3B2,  7700 A,  zenith 

O65O  - 0820  5B1,  5 577 A,  SCAN  mode  90°  - 150°. 

5B2,  5 577 A 


0500  - 1300  3C,  zenith 


Notes: 

Sat<  Llite  pass:  TRIAD  10 

Rice  Rocket  launch:  070C:00 


SYNOPSIS  OF  DATA 


Tape:  WOLF  10  (57930  - FILE  Z) 
Pate:  2/19/76 

Photometer(  s) : 3B1,  3B2,  3C 
General  Activity: 


Time:  0440  to  1320  UT 


Active  all  night 


Operating  Modes: 


0500  - 1250 

3B1, 

, 

SCAN  mode  30°  to  150 
30  sec  dwell  time 

. 

0 

zenith 

05  1.0  - L.  50 

zenith 

Not. 


a t(  L : it  P&ss : TRIAD,  0951  UT 


I 

I 


SYNOPSIS  OF  DATA 

Tape:  WOLF  II  (57930  - FILE  3) 

Date:  2/20/76  Time:  0510  to  1325  UT 

Photometer(  s) : 3B1,  3B2,  3C 

General  Activity: 

Active  after  about  0800  UT 


Operating  Modes: 

0520  - 1310  3B1,  5577,  zenith 

3B2,  6300,  zenith 

0525  - 1010  3C,  SCAN  mode,  10J-170',  angle  increment  10",  5 sec  dwel  i time 

3C,  Magnetic  zenith 

Notes: 

Satellite  Pass:  0921  UT,  TRIAD 


r 


SYNOPSIS  OF  DATA 


Tape:  WOLF  12(57930  - FILE  4) 

Date:  2/21/76  Time:  0430  to  1310  UT 

Photometer ( s) : 3B1,  3B2,  3C 

General  Activity: 

Very  active  all  night 


Operating  Modes: 


0450  - 

1100 

3B1,  5577A,  zenith 

1120  - 

1250 

3B2,  6300A,  zenith 

1100  - 

1120 

3B1,  589OA,  zenith 

3B2,  7700a,  zenith 

for  Loki  Launch 

0450  - 

1250 

3C,  SCAN  mode 

Notes: 

Satellite  Pass:  TRIAD,  0851  UT 

0730  Arc  coming  up 
0815  Quiet 

0940  Strong  Arc  to  north 

1015  - 1030  Strong  N-S  x’orms.  Cl  form  to  zenith 
1050  Wall  t j wall  auroras 


SYNOPSIS  OF  DATA 


Tape:  WOLF  15  (61066  - FILE  l) 

Date:  2/22/7G  Time:  0A30  to  1220  UT 

Photometer( ;.) : 3BL,  5B  , 5C 

General  Activity: 

Some  activity  to  north 
Quiet  at  zenith 


Operating  Mode::- 

O 

vn 

O 

0 

1 

5B1,  589OA, 

zenith 

0500  - 0917 

5B2,  5577A, 

zenith 

0917  - llLU 

5B2,  7700a, 

zenith 

0510  - 114U 

3C,  SCAN  mode 

Notes: 

After  1120  UT,  5B2N  has  noise  pr  blem 


SYNOPSIS  OF  DATA 

Tape:  WOLF  14  (61066  - FILE  2) 

Date:  2/25/76  Time;  OkOO  to  1225 

Photometer ( s) : 3BI,  3B2,  5C 

General  Activity: 

Hazy  all  evening 
No  auroras  visible 


Operating  Modes: 

0130  - 1220 
0450  - 0650 
0750  - 1220 

0630  - 0750 
0430  - 1220 


3B1,  5890° > zenith 

3B2,  7700a,  zenith 

3B2,  65OOA,  zenith 
3C  SCAN  mode 


Notes: 


SYNOPSIS  OF  DATA 


Tape : WOLF  15  (01066  - FILE  3) 

Date:  2/26/76  Time:  0450  to  1235  UT 

Photometer( s) : 3B1,  3B2,  3C 

General  Activity: 

Active  most  of  night  after  0800 


Operating  M'.idco 

0521  - 1200 
0521  - 0840 
0840  - 1200 
0621  - 1200 


5B1,  5890 A , zenith 
JB2,  7700A,  zenith 
3B2,  5577A,  zenith 
3C,  SCAN  mode 


Notes: 

Data  tape  has  1 hr  clock  error  before  ab^ut  0520  UT 
Possible  prjton  arc  before  very  active  period 


SYNOPSIS  OF  DATA 


Tape :WOLF  16  (61066  - FILE  4) 

Date:  2/27/76  Time:  0415  to  1150  UT 

Photometer ( s) : 3B1,  3B2,  3C 
General  Activi 1 : 

Active  arcs  reach  zenith  after  0830 
Breakup  at  0905 


Operating  Modes: 

0500  - 1100 

5B1,  5890°, 

zenith 

0500  - 0850 

B:  , 7700 A, 

zenith 

0830  - 1100 

3B: , 55  77 A, 

zenith 

0515  - 1100 

3C,  SCAN  mode 

Notes: 


Gain  problem  :>n  3B2W  at  0900 


SYNOPSIS  OK  DAT; 


Tap*-:  WOLF  17  (5S817  - FILE  l) 

Date-  2/28/76  It ...  0430  to  1305  UT 

Phol.omett  ( :■) . 3B1,  3B2,  3C 

(it-nt-/  J Ac*',  vi  1 

Quiet  through  Excede  launch,  active  later 

3B1,  589OA)  zenith 
3B2,  5577 * , zenith 
3C,  SCAN  mode 


Opera  ing  . : 

0500  - 1250 


03  •!  : 40 
L 1.  :50 


Excede  launch 
UTD  launch 

3BLE  has  gain  problems 


SYNOPSIS  OF  DATA 


Tape : WOLF  l8  (58817  - FILE  A) 

tote:  - / 9/76  Time:  0445  tc  1235  UT 

Photometer(  s) : 351  35;  30 

General  Activity. 

Very  active,  : ur  ran  at  zenith  bef  re  0^30  UT 


Operating  Modes: 

0500  - 1200  3B1,  5890°,  zenith 

5B2,  5577A,  zenith 
3C,  SCAN  mode 


Notes: 

5B1E  channel  erratic  near  t>.  - Inning' 

3 ’R  ihairni  noisey,  ~ , r 1 i r i rail  ihanges 


SYNOPSIS  OF  DATA 

Tape:  WOLF  19  (58817  - FILE  2) 

Date:  3/1/76  T'lme:  oi35  to  i£0O  UT 

Photometer( s) : 3B1,  3B2,  3C 

General  Activity: 

Quiet  until  about  0730 
Active  t:  zenith  later 
Sky  hazy  later 


Operat  ing  M >d<  : 


0505  - 

0515 

3B1, 

5890°, 

zenith 

. - 

1125 

3B2, 

5577.°, 

zenith 

- 

0720 

3B1, 

5 577 A, 

zenith 

2 B 2 y 

63OO A, 

zenith 

0505  - LIU5  50,  SCAN  mode 


Notes: 


iOL5:U5 


Rice  R cket  launch  - very  active  to  North 


SYNOPSIS  OF  FATA 


Ta£e:  ETU  0.1  (Fi:  ■ Tape  * 57651) 

®at.e:  - - Time : 0150  t 09^5  OT 

Photcnieter(  -,) : ^gn,  JL  5C 
General  Activity : 


Quiet,  clear  kies  unti  j; 

Hazy  after  08jC  UT 


Operating  Modes: 

5-01*  5B1, 

01*50  - 060C  5B1, 

- ' 3B  , 

5 - 0 »C  5C 


5577  ft 
5B.  , G50C  ? 

scan  v \ 170  , 

Appr  x - • - t 


incr<  mi  nt  . si  : lw<  . . ) 
intercept  II  0 Cl.  ud 


Notes: 

i-unch  f HO.  Ho  lease  at  + 130  SEC. 
®'  5B1  developed  HV  short 


SYNOPSIS  OF  FATA 


Tape:  ETU  0 (No  copy  made) 

Date:  H-15-76  Time:  0330  t 1105 

Photcmeter( s) : 3B1,  3BS,  3C 
General  Activity: 

No  useful  data  - c udy 

Operating  Modes: 


Notes: 

. y t check  5BLE  tube,  scat,  mode,  etc. 


SYNOPSIS  OF  DATA 


Tap*-  ETO03  (FILE  2,  TAPE  # 


Date:  11-19-76 


Time:  0515  t .115  UT 


Photonieter(  s) : ill,  5B:  , 5C 

General  Activity: 

Clear  skies 

Diffuse  aurora  t zenith  at  OoiO 


Operating  Moii 

ls: 

03  5 - OSLO 

3B1, 

58901 

OfilO  - 1105 

5577f 

03  5 - 1105 

3B:  , 

6300a 

- 

( - 170°,  4°, 

? Sec)  MAG.  Meridia 

Notes 

: 

O'-  e : 

bO 

Excedi 

- Launch 

0810 

- 08i5 

5B1  on  DCR  and  CAL 

0)415 

1 

< 

3C  on 

DCR 

1019 

- 1 

3C  on 

DCR  and  CAL  for  1 scan  each 

10  50 

- 10  ^ 5 

Reset 

DCR  and  CAL  on  iC  photometer 

■ 


SYNOPSIS  OF  DATA 

Tape : ETO0O  (FILE'  TAPE#  57^5'-) 

Date:  11-  -7c  Time:  0535  t 1030  UT 

Photometer(  s) : 5B1,  31  , 3C 

General  Activity: 

Clear  sky  - ha,-,y  near  end 
Feint  activity  t:  North 


Operating  Modes: 

001.,  - 0;  0 3B1,  5577%  5B-  , oi00° 

• - 3C  SCAN  MODE  ( 10  - 1?0  , 4 , , Sec) 


Notes: 

0605  - 07^3  5CR  problems 

• - SCAN  HEAD  RESET  - CHECK  SCAN  DATA  BEFORE  THIS  TIME 


SYNOPSIS  OF  HAT A 


Ta£-: 

ETU  $5  (n  copy  made) 
Dote:  i i ' l/j. 


Time: 


- ' - U I 


Photometer ( rl : ■'jBl,  5B  , JC 

General  Activity: 

Na  ur-  ful  data  - cloudy  later 
P ibly  u.  *'ful  tvllirbt  run  n 395-’ 


Operating  Mole;: : 

>j  ' perated  as  ch  ■ c - ETU/-; 


Notes: 


SYNOPSIS  OF  IiAI'A 


Tape:  ; -j.-,.  (file  , APE  #57651 

Date:  G/76  Time : ' , t .1: 

Photomcter( :,) : jpi,  55  , JC 


General  Activity: 

Skies  clear 

Activity  built  up,  zenith  band  at  r :ket  launch  t 


Operating  M.;d-  ::: 

■ ...  - • , ‘ 577;  ;i  , o50C; 

: sc;  i ( - > > sec 


Notf*s 


ranch  f V.IDEBAND  - HI  R 
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